The halo body jacket and plaster Minerva body jacket have been the preferred orthoses when maximal stabilization of the cervical spine is required. This report identifies some disadvantages of these orthoses, introduces the thermoplastic Minerva body jacket (TMBJ), and discusses its advantages in the rehabilitation of patients with cervical spine instability. A preliminary roentgenographic study was conducted to evaluate the cervical spine motion of five male subjects wearing the TMBJ. The TMBJ, in addition to providing comparable cervical spine stability, offers several advantages over current methods of stabilization. We have found that the use of thermoplastic material in the construction of a Minervastyle body jacket alleviates many of these problems while maintaining adequate cervical stabilization.
Many types of orthoses are prescribed for stabilization of the cervical spine. The degree of stabilization offered by these devices varies greatly. The halo body jacket and plaster Minerva body jacket have been used when maximal stabilization is required.
1-4 These devices allow early participation in an active rehabilitation program while maintaining adequate cervical stabilization. Disadvantages inherent in the methods and materials used in fabricating these body jackets, however, have been described in the literature. [5] [6] [7] We have found that the use of thermoplastic material in the construction of a Minervastyle body jacket alleviates many of these problems while maintaining adequate cervical stabilization.
The use of the halo device introduces several complications. Chan et al mentioned pin-site infection, cerebrospinal fluid leakage at the pin sites, pin slippage, and loosening of the halo device after a fall. 5 Kostuik also encountered pin-site infection and pin slippage in addition to perforation of the skull by pins and supraorbital nerve problems. 6 We have observed that the posts connecting the halo device to the body jacket inhibit key components of early rehabilitation such as rolling and prone activities.
The prefabricated plastic body jacket often used with the halo device, although adjustable, is not custom formed to the patient, thereby increasing the potential for skin breakdown and patient discomfort. Modification of this jacket to relieve pressure is difficult and usually limited to lining the jacket with sheepskin. Plaster halo jackets and Minerva body jackets, although formed individually to the patient, also are difficult to modify. A distinct disadvantage of the plaster jacket is that it usually is applied to the patient in a sitting position, thereby risking the loss of optimal cervical spine positioning during application. The excessive weight of the plaster jacket adds to patient discomfort and restriction of motion. Maintenance of acceptable hygiene also is difficult with the nonremovable plaster jacket.
In an attempt to provide an orthosis that offers optimal cervical spine stabilization, allows early patient mobilization, and addresses many of the disadvantages discussed above, the staff of the neurosurgical department and the physical therapy department at the Clement J. Zablocki Veterans Administration Medical Center have developed a thermoplastic Minerva body jacket (TMBJ). Our preliminary evaluation indicates that stabilization of the cervical spine in flexion and extension with the TMBJ is comparable to that achieved with the halo body jacket. The purposes of this report are to describe the TMBJ, discuss its advantages, and present preliminary data on its effectiveness.
DESCRIPTION
The TMBJ is designed to immobilize the injured cervical spine. The physical therapist fabricates the TMBJ at the request of the neurosurgeon. For patients having surgery, the TMBJ usually is applied one week after surgery. The TMBJ is an anatomical support system that immobilizes the patient's thorax, mandible, and occiput to provide the necessary stabilization of the cervical spine. The TMBJ consists of two pre-cut Polyform ®* sections lined with Polycushion ®* in addition to a circumferential headband. These posterior and anterior sections are joined by nylon screws at the neck and by straps across the chest (Figure) . The patient may be positioned on a circle bed or other cervical traction bed during application. Lateral cervical spine roentgenograms are taken with the subject in the prone position and examined by the neurosurgeon before fabrication of the TMBJ. Tongs are removed, if present, after the proper cervical position has been verified. The posterior portion of the TMBJ is heated and molded to the patient. The patient then is positioned supine while wearing the posterior section, which aids in maintaining the correct cervical position. Proper alignment of the cervical spine is monitored carefully during position changes. The anterior portion of the TMBJ then is molded and completed with the application of the headband, nylon screws, and straps. A postfabrication roentgenogram then is taken and examined by the neurosurgeon to verify correct cervical spine alignment.
EVALUATION OF JACKET
Five male subjects with a mean age of 25 years participated in the evaluation. The. group included four patients with various diagnoses of cervical injury and one staff physical therapist with no cervical injury (Tab. 1). Each subject was fitted with a TMBJ on a circle bed as described previously. Lateral cervical spine roentgenograms were taken with the head at extremes of flexion and extension. Sagittal plane motion was measured on the roentgenograms at each spinal segment using the method described by Johnson et al. 1 Flexion and extension measurements were added to obtain total sagittal plane movement.
EVALUATION
The degrees of total sagittal plane motion for each subject are recorded in Table 2 . In Table 3 , normal, unrestricted sagittal plane motion and that allowed in the halo body jacket, as reported by Johnson et al, 2 are compared with the motion allowed in the TMBJ. Although the small size of our sample does not permit conclusive statements on active range-of-motion restriction of the cervical spine, the TMBJ appeared to be an effective device for limiting flexion and extension of the cervical spine from C1 to C6.
DISCUSSION

As Johnson et al
2 have noted, a rational approach toward the selection of an appropriate stabilization device for the cervical spine begins with the assessment of the level of injury and the individual's specific needs. Each orthotic device has inherent advantages and disadvantages. Our preliminary roentgenographic evaluation suggests that the TMBJ does provide stabilization for the cervical spine comparable to that of the halo body jacket. In addition, the TMBJ has several advantages that make it a feasible option to current methods in the treatment of the unstable cervical spine. These advantages are related to the properties of the thermoplastic material, the method of application, and the design of the jacket.
The thermoplastic material offers several advantages over plaster and preformed plastic in addition to contributing to ease of fabrication. The TMBJ is substantially lighter than its plaster counterparts. The plaster Minerva body jacket weighs 7 to 15 lb (3.2-6.8 kg), whereas the TMBJ weighs only 3 to 5 lb (1.4-2.3 kg). Like plaster, the x-ray permeability of the completed TMBJ permits clear visualization of the cervical spine during follow-up evaluations. The thermoplastic material is easy to mold and is applied directly to the patient. The TMBJ is best applied with the patient positioned on a cervical traction bed. Applying the TMBJ in the supine and prone positions is an advantage over the plaster Minerva or plaster halo jackets, both of which usually are applied in the sitting position. The horizontal position allows for optimal control of cervical spine alignment and reduces the risk of postural hypotension during fabrication.
The design of the TMBJ allows the patient to participate in all facets of rehabilitation. Range of motion allowed at both shoulders enables the patient to perform functional activities without restriction. Patients with or without neurological deficit may begin a full mat exercise program and ambulation, if indicated, as soon as the neurosurgeon examines the postfabrication roentgenogram and approves the cervical spine position. We have observed that the TMBJ interferes less with rolling or prone activities than do the halo or plaster Minerva body jackets. Patients who have used a TMBJ subsequent to using a halo jacket or plaster Minerva body jacket have reported increased comfort and improved cosmetic appearance.
The bivalved nature of the TMBJ allows easy removal of either the posterior or the anterior half while maintaining cervical alignment in the remaining-half. In the event of cardiac or respiratory arrest, quick removal of the anterior section allows performance of emergency procedures. Removing one half of the jacket in the supine or prone positions allows problem skin areas to be discovered early and adjustments to be made to relieve pressure areas. These adjustments can be made quickly and easily by heating local areas of the thermoplastic with a heat gun and remolding it to relieve pressure. Hygienic activities such as shaving and washing are accomplished by the nursing staff or a family member with the supervision or instruction of the therapist to ensure that cervical alignment is maintained. The patient is able to shower while wearing the TMBJ. The chest straps may be loosened while lying supine to dry underlying areas. The TMBJ may be cleaned easily with mild soap and water.
A potential problem in using the TMBJ, as with any orthotic device worn for long periods of time, is the possibility of skin breakdown. If an extended period of bed rest is required, the patient's risk of developing decubitus ulcers increases dramatically as the length of time in bed increases. This risk is attributable to the direct pressure of the orthosis on the skin and to shearing forces occurring between the skin and the orthosis when the patient shifts positions. For this reason, we recommend limiting the use of the TMBJ to those patients who are stable enough medically to begin activities in an upright position.
SUMMARY
We have found that use of the TMBJ is appropriate for patients with varying degrees of neurologic deficit who are participating in an active rehabilitation program. Adequate cervical spine stabilization, the superior properties of the orthotic material, and the opportunity for early rehabilitation are the most advantageous characteristics of the TMBJ. We believe that the TMBJ offers a practical alternative to the current methods of cervical spine stabilization, and we encourage additional roentgenographic studies using larger patient populations to analyze further the effectiveness of this type of stabilization.
